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SUMMARY

An armyliaison-treeairplane,representativeofpersonalairplanes
inthe150to 200horsepowerclass,hasbeenmodifiedtoredpcepropeller
endenginenoiseaccordingtoInownprinciplesof airplane-noisereduc-
tim ● Noise-levelmeasurementsdemonstratethat,withreferenceto an
a%serveronthegrcimd,a noisyairplemeofthis‘classcanbemadequiet-
perhapsmorequietthannecessary.In orderto avoidextremeandunneces-
sarymodifications,acceptablenoiselevelsmusthe determined.

INTRODUCTION

An importantfactorin theproblemof
personalairplaneisthepYovisicmofmore

increasing
convenient

theutilityofthe
accessto airports.

Forthisreasonit isdesirallethatairportshe closetocentersof
population.Strongobjectionsto thenoiseofairplanesare,however,
seriouslyhinderingtheproperdevelopmentandlocationofairports.A
soluticmtotheproblemofairpl~e-noisereductionisthereforenecessaq
tothehealthygrowthofpersonalendcommercialaviation.

TheNationalAdvisoryCommitteeforAermauticsfirstbeganto inves-
tigateairplanenoiseina%out1930.lhnphasiswasplacedalmostentirely
onthestudyofpropellernoise.Sincethattimea theoryforpredicting
propellernoisehasbeendevelopedanda numberofpaperswhichaidin
thedesignof quietpropellersforpersonalairplaneshavebeenissued.
These,endotherpapersrelatingto thenoiseproblem,arelistedas
references1 to 10. Increasedemphasishasrecentlybeenplacedonthis
workbecauseof theexpendingpersonal-airplanemarket.

In additionto thetheoreticalandgroundtestwork,a typicallight
airplanehasbeenmodifiedforflightteststodeterminetheapplicability
ofthepublisheddata. Thismodified,or quiet,airplanewasfirstflown
enddemonstratedat theSixteenthAnnualInspectionat theLangleyLabor-
atoryinMay1947. Sincethattime,thisairplanehasbeentestedand
thetestresultscomparedwiththosefortheunmodifiedairplane.The
resultsofthesetests,showingthe
planesasmeasuredfromtheground,

—---..——.-— —-—.

sound-pressurelevelsofbothair-
arepresentedinthispaper.
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DESCKIJ?ITONm’mmlxm MRPIM$E

An armyliaison-meairplanewaschosenasbeiq representativeof
personalairplanesinthe150to200horsepowerclass.TMs airplane,
showninfi@n?e1,hasa wingspenof 34feet,an over-alllengthof
24feet,anda normalgrossweightof2100pounds.

Specificationsofthecomponentsrelatingto
as follows:

Engine:Horizontallyopposed,six-cylinder,
cooled;ratedlb horsepowerat 2550rp=,

thenoiseproblemare

direct-drive,air-

Exhaustsystem:Collectorstacksforeachbankof cylindersex-
haustingindependentlybelowtheenginecowling,as showninfigure2.

Propeller:Two-blade,@-inchdiameter$fixed-pitch;lsminated
wood●

DESIGNcoIEmERATIOMSANDDESCKPTIOIVOF QUDZTKIRPUNE

Becauseaoceptahleairplane-noiselevelshavenotyetbeendeter-
mined,a levelof65 decibelsat300feetwasassumedtobe a satisfac-
toryob~ective.Thisvaluewasthereforeselectedas thedesigngoalfor
thepropellerendmuffler.Sincelittlecanhe doneat thepresenttime
toreducetheaerodynamicnoiseoftheairfreme,itwashopedthatthis
noiselevelwould%e lessthan65 decibels.

Propeller.-Accordingtoreference8,a numberofpropellersof
veriousdiemeters,numbersofblades,endoperatingspeedswould,theo-
retically,meetthedesi~valueof65deci%ele.A five-bl@econfigu-
rationwaschosen,however,becausea hubsuitableforthistypehappened
tohe available.Thediameterwasincreasedtog6 inchesfromtheorigi-
nal@ inchesinorderto takeadvantageoftheavailablegroundclear-
enceand,asa result,thebesttake-offperformance.

Figure3,whichwasinterpolatedfromthedataofreference8, shows
thetheoreticalloudnesslevelsofthetestconfigurationsatvarious
propellerspeeds.Thetotelloudnesslevelas shownisthesumofthe
vortex-noiselevel(duetothesheddingofvortices)andtheGutinor
rotational-noiselevel(duetothesteedyaerodynamicforceson the
%lades). !l?hisfigureindicatesthattheassumed65-decibel-loudness-
levelrequirementshouldeasilylemetby operationat a propellerrota-
tional.speedof approximately1000rpm,whichsh6uldproducea loudness
levelofabout57 decibels.

1
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Theaerodynamicdesignofthepropellerwasbasedonthecharteof
reference7 andconventionaltheorytogiveopthmmefficiencyunderthe
followingconditions:

lhmberofblades.. . . . . . . . . . . . . . . . . . . . . . . . . 5
Diameter,inches.. . . . . . . . . . . . . . . . . . . . . . . . . 96
Rotationalspeed,rpm . . . . . . . . . . . . . . . . . . . . . . 1000
Airspeedjmilesperhour. . . . . . . . . . . . . . . . . . . . . .130
Brakehorsepower.. . . ... . . . . . . . . . . . . . . . . . . . .l@

Theavailablefive-bladehuboriginallydesignedformodelbladeshad
verysmallbladesmketsandstressanalysisshowedthatwoodenshanksto
fitthishubwouldhaveaninsufficientmarginof safety.Consequently,
metalbladerootsweremachinedtofitthishubandto flareoutintothe
bladeaboutsixinchesfromthebase. Thewoodenbladesweregluedto
thesestubsby theCycleweldprocess.Theusualmetslleadingedgeand

tipprotectivestripweremnittedand-&inchsheetrubberwassubsti-

tuted.Figure4 showsa typicalbladewiththesedetails.

TheuseofCycleweldforbladeretentionandrubbersheetforpro-
tectionwe ratherunusual.Thesenovelmethodscouldbe usedonly
%ecauqe ofthelowbladestressesendlowrotationalspeedsof thequiet
propeller.Theyarementionedonlyto illustratetoa smallextenthow
certainofthecharacteristicsofthe-quietpropellermaybe usedto
advantageinfabrication.

Thefive-bladepropeller,as tested,wasveryheavy,butonlybecause
thehubwas,desi~edforwind-tunnelworkandno considerationhadbeen
giventoweight.Actuallythewoodenbladeseachweighonly6 poundsand
it1sestimatedthat,ifa completewoodenpropellerhadbeenbuilt,the
totalweightwouldhavebeen less than50 poundsas comperedwithapproxi-
mately25poundsfortheconventionaltwo-bladepropeller.

.Q2i@E”-Fora validcomparisonof loudnesslevelsenenginedevel-
opingasmuchbrakehorsepoweras thestandardengineendgearedtoturn
thepropellerat1000rpmwasrequired.Itwasfoundthatan available
engine,witha ratingof210horsepowerat 3000rpm,andgeared1.56
to1.0,couldbemodifiedtoprovidea gearratioof2.79to 1.0. Oper-
ationofthisengineat27$K)rpminorderto obtainthedesiredpropeller
speed,wasoriginallyexpectedtoproduceappro@nately185horsepower.
Laterinformationindicated,however,thatactuallyabout200horsepower
wasdeveloped.

It 1sinterestingtonotethatno weightpenaltyneedresultfrom
theuseofgearingsince,basedonmaximumratings,thegearedengine
develops0.515horsepowerperpoundas comparedto0.505horsepowerper
poundforthedirect-driveengine.

.—-— .—— ——— .—— -—— -—-—-————-—
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Theinstallationofthisenginerequiredonlyslightalterationsto
theairplene.Theoriginalprovisionsforcoolingthestandardeng3ne
weremsrginal;and%ecauseof theexperimentalnatureofthegearedengine,
thecoolingwasimprovedby installationofa smalloil-radiatorscoopand
smellcowlflaps.Figure5,a photographofthefinalmodifiedairplane,
showsthesedetails.

Exhaustsystem.-Theavailableliteratureonmufflerdesirewas
studiedandfoundtobe ratherinadequate.Thefinaldesi~wasevolved
fromapplicationoftheprinciplesgiveninreference9 endby applica-
tionof thetrial-and-errormethodtothetestsetupshowninfigure6.
Enginepowerwasabsorbedbytheelectricmotorrunasa generatorand
coolingairwasprovided%y theblower.

Beforethespecial.high-gear-ratioenginehecemeavailable,itwas
theintentiontousea standardgeareden@ne atlowenginespeed.For
thisreason,themufflerwasactuallydevelopedtoprovideattenuationof
thefirst-orderfiringfrequencyofan enginerunningatabout16OOrpm.
Since,withtheacoustical-filter-typemuffler,thechambersizeIsan
inversefunctionof thedesignfrequency,themufflerislargerthan
necessaryforthehigh-speedengineandtheseineemountofnoisereduction
mighthavebeenobtainedwitha smallermufflerdesignedforthehigher
frequency.Detailsoftheexhaustsystemareshowninfigures7 and8.

Thismufflerworkwasdme by thestaffof thefull-scale-tunnel
sectionatLangley.

SOUND

AILsoundmeasurementswere
soundlevelmeter,model759-A.

MEMmmmTs

madewiththe@nerd RadioCompany
Thisinstrumenthasthreedifferent

scelestobeusedformeasuringsendsatthreegeneralintensitylevels.
Thefrequencyresponseofeachscaleapproximatestheresponseoftheear
whensubjectedto soundsof thepropersound-pressurelevel.lk this
manner,thesound-pressurelevelsmeasuredby thetistrument‘memade
roughlyequivalentto theloudnesslevelsasexperiencedby theear.

Forthesetests,however,itwasconvenienttomakeallmeasurements
on the‘]C”,orflat-response,scsle.Althoughtheuseofthisscalemay
leadtodifferencesofa ~ewdecibelsbetweenthesound-pressurelevel
andtheloudnesslevelundercertainconditions,itappearsjustifiedfor
thesetests.Mostofthemeas~ementsofthest~~ airplanemme made
ata levelhighenoughtorequiretheuseofthe C scale. Thenoise
fromthemcxiifiedairplanewasrelativelyfreeoflowfrequencies,and
%ecauseitisthelow-frequencyresponseoftheear_&hatisthepr~y
reasonfordifferences%etweensound-pressureandloudnesslevels,meas-
urementsofthesoundfromthemodifiedairplanearenotmaterially
effectedby changesintheinstrument low-frequencyresponse.

- .— .—— —.——— .— —....—
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As a consequence,thetermsnoiselevel,sound-pressurelevel,and
loudnesslevel(althoughusedproperlyineachinst.mce)msyallbe
interpretedasloudnesslevels.

RESULTSANDDISCUSSION

Sound-pressure-levelmeasurementsweretakenofboththeunmodified
andthemodifiedairplaneswhileonthegroundandwhilepassingover-
headatvariousaltitudes.

Resultsof groundtests.-Theresultsofthegroundtestsaregiven
1 infigure9. Thesemeasurementsweremadeata distenceof50feetfrom

thecenterofthepropeller.Theenginespeedscoveredrangefromessen-
tiallyidltigspeedtofull-throttlespeed.Exceptfora variationof
about5 decibels,witha minimumapparentlybetween60°and90°,the
sound-levelPatternaboutbothairplenesmy be considereduniform.

At thehighestenginespeedstested,thesound-pressurelevelofthe
unmodifiedairplaneisabout22 tiecibelshigherthanthatofthemodified
airplane.In temnsofdistence,accordingtoreference5, ifenaccepta-
blelevelof65 decibelsisassumed,theunmodifiedairplanemusthe
locatedatleast2000feetfromthenearestresidenceduringwamu-upand
startoftake-off.Themodifiedairplane,however,needstobe lessthan
200feetaway.

Resultsofflighttests.-Sound-levelmeasurementsoftheairplanes
inflightatan altitudeof 300feetarepresentedinfigure10. The
maximumsound-levelmeterreadingsweretakenastheairplsnespassed
directlyoverhead.Alltherunsoffigure10weremadewithpowerfor
levelflightoverthespeedrangefromnearthestalltomaximum.!t’his
figureshowscleerlytheamountofnoisereducticmthathasbeenaccom-
plishedandthattheassumeddesirablelevelof65decibelshas,for
practicalpurposes,beenrealized.

Thevariationof sound-pressurelevelwithaltitudeforthetwoair-
planesoperatingatmeximmspeedis showninfigure11. l’hisfigure
indicatesthelargeincreaseinaltituderequiredbeforethesound-
pressureleveloftheunmodifiedairplsnebecomesaslowas thatoftie
modifiedairplane(forexsmple,16OOfeetcomparedwith200feet).

Testsweremadeofthemodifiedairplaneinflightwiththrottle
closed(poweroff)to evaluatetheamountofnoisegeneratedby theair-
framealone.Propellerspeedsinthiscmditionweresufficientlylowso
thatpropellernoisedidnotaffectthesound-pressure-levelmeasurements.
Themeasuredvalues,correctedto 300feetaltitude,aregivenin
figure10. lkomthesedataitisestimatedthatthesound-pressurelevel
would%eapproximately62.5decibelsatthemaximumspeedofabout
130milesperhour. Accordingtofigure3,therefore,thenoiseof the
airplaneitselfisa%out5 decibelshigherthanthetheoreticalvalueof
thenoiseproducedby thepropeller.llhilethevaluesgivenin

.
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reference8 aregivenwitha probableaccuracyof*1Odecibels(dueto
uncertaintyasto thevortex-noiselevel),indicationsarethatthepro-
pellerconfigurationchosenwasmoreeffectivethannecessaryforthe o
testairplanebecauseoftherelativelyhighaerodynamic-noiselevel.

Test-stsndmeasurements.-Measurementsontheteststendwerealso
madeofthenoise-leveloutputof theengineandmufflersystemwithout
propeller.At thedesignoperatingspeedof2790rpmandfullpowerthe
unmuffledengineproduced@ decibelsat 300feet.Withthemuffler,
thisveluewasreducedto 67decibels,whichistheseineasthatmeasured
forthecompleteairplaneinflight.Thisfactseemedto indicatethat
thedominantsoundrmainingwiththemodifiedairplaueisdueto insuf-
ficientmuffling.However,whentheunmuffledenginewasdrivenatrated
speedby sn electricmotor,a sound-pressurelevelof72 decibelswas
prcxlucedat 300feet.Thisnoiselevel,whichisduetovslves,gears,
intake,pumping,sndsoforth,is actually5 decibelshigherthanthe
noiselevelofthemuffleden@ne at fullpower.Insufficientmeasure-
mentsweremadetodeterminedefinitelytherelativelevelsoftheexhaust
noiseendtheengineclatter,butfromthecharacterofthesoundit
appearedthatclatterpreclmninated.It is suggested,therefore,thatif
furtherreductionsinpower-plantnofselevelaredesiredtheprobability
thattheenginecompartmentshould%e soundproofedmustbe considered.

Themeasurementsthathavebeendiscussedaresummarizedforcon-
venienceinthefollowingtable:

Airplanecomponent Sound-pressurelevel

Completeunmodified
at 300ft,db

airplane, thrttle>
12’jmph.. . . . . . . . . . . . .O.. . . 87●5

Two-bladepropeller(calculated),lb hp,
2550~,125~h. . . . . . . ● . . . . . 96.0

Euginewithoutmufflerandpropeller,full
throttle,2790rpm . . . . . . . . . . . . @.0

Enginewithoutnn&flerandpropeller,driven
by an electricmotorat 2790 rpm . . . . . 72.0

Engine with muffler,withotipropeller,full
throttle,2790rpm . . . . . . . . . . . . 67.0

Five-bladepropeller(theoreticalloudness
levelconvertedto sound-pressurelevel),
l@hp,lOOOrpm, 130mph. . . . . . . . . 6O*1O

Airfreme(power-offcondition),130mph . . . 62.5
Completemodifiedairplane,fullthrottle,

130mph. . . . . . . . . . . . . . . . . . 68.0

Thecalculatedsound-pressurelevelforthetwo-bladepropellerhas
alsobeenticludedintheforegoingtable.It shouldbenotedthatthis
calculatedvalueisabout8 decibelshigherthanthelevelforthecom- .
pleteunmodifiedairplsne.Thisfactindicatesthat,althoughthe~ropeller-
noisetheoryforstaticcaditionsseemstobe satisfactory,thetheory
forpropellersinflightseemsto@eld rathercons~tim valuesfa
thosecases,atleast,tiwMch rotationalnoisepredominates.Also,since
thesound-pressurelevelofthecampletemcdifiedatiplsnewas2 decibels
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lowerthanthepossiblemaximumlevelforthefive-bladepropeller,the
uncertaintyregardingthevortex-noiselevel(5O decibels)canperhaps
he slightlyreduced.

Finally,the20-decibeldifferencebetieenthesound-preesurelevels
ofthetwoairplanesas ehuwninthetablerepresentsa reductioninsound
energyof~ percentandcanbe,accordingto reference10,likenedtoa
reductionfim a noiseslightlylouderthan“veryheavystreettrafficm
toa noisequieterthanan‘averageautomobile.”

Performance.-Sincetheprimryconcernhasbeenwiththenoise
problem,littleattentionhasbeengivento therelativeperformanceof
thetwoairplanes.Itappearssufficientto showthecalculatedeffi-
cienciesof thetwopropellersat topspeedandtake-offspeedwhen
drivenby enginesofthesameratedpoweroutput.Alsogiven,to show
theeffectonperformanceofa changeh propellerdiameter,arethe
calculatedefficienciesofan @-inch,five-bladepropeller.These
values,calculatedby useofreference7, arepresentedinthefollowing
table:

Configuration Propellerspeed Efficiency
(m) hor%wr (percent)ho~~~er

velocity,55-h

Two-blhdepropeller
(@-in.diameter),

Five-bladepropeller
(g6-in.diameter)

Five-bladepropeller
(@-in.diameter)

Two-bladepropeller
(@-in.diameter)

Five-bladepropeller
(~-in.diameter)

Five-bladepropeller
(b-in.diameter)

2130

794

790

154

147

146

velocie,130mph

2530

1000

1000
.

58.4

65.6

54.5

79●2

‘ 82.0

n .2

90

97

80

146

152

143

Inspectionofthetableleadstothefollowingconclusions:

(a)As faras topspeedisconcernedthereispracticallyno differ-
encebetweenthethreepropellers.Thelargefive-bladepropellershould
producespeedsabout1 to2 milesperhourfasterendthesmallfive-
bh.depropeller,about1 to2 milesperhourslowerthenthetwo-blade
propeller.

_—— —.



(b)Thesmallfive-bladepropellerprcducesapproximately90percent
ofthethrusthorsepowerofthetwo-bladepropellerattake-off.This
smallerpoweroutput,whichisthenormalexpectationwithfixed-pitch,
slow-turning,multibladepropellers,resultsinreducedtake-offend
climbperformance.

(c)By increasingtliediemeterofthefive-bladepropellerto
96 inches,thethrusthorsepowerattake-offis increasedovertkt of
thetwo-bladepropeller.Thisfactemphasizestheimportanceoflarge
diameter.

PilotsrOportthatperformancee ofthemodifiedairpleneequalsor
exceedstheperformanceoftheunmalifiedairplane.Althoughsomeofthe
superioritymaybe explainedby thehigherpropellerefficiency,mostof
itisbelievedtobe dueto thehigherpoweroutputofthe-gearedengine.
(Seesectionentitled‘lZ@@e.“)

COIWLUDINGREMIYRKS

,

Ithasbeendemonstratedthata conventionalairplane,representa-
tiveofpersanalairplanesInthe150to200horsepowerclass,maybe
madequietby applicationofknownprinciplesof soundreduction.

It ispossiblethattheairplaneasdemonstratedwasmorequiet
thannecessa~.Thedetemninationofacceptablenoiselevelsisan
importantphaseoffutureresearchrelatingtoairplenenoise.

LangleyMemorialAeronauticalLaboratory
NationalAdviso~CommitteeforAeronautics

LangleyField,Vs.,February12,1948
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Figure1,- Unmodifiedtestairplane.
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Figure 2.- Exhaust systemofunmodifiedtestairplane.

.

4



.

●

——— ——– — —— —-- —-

.

.

.

1



.
IIIACATi’VNO.1647 ~ 15

●

✎

)00

90

70

60

50

30 L

#

Km /2(%9 /m
I

—.-

PrOpe/..er speed, rpm

Figure3.- Theoreticalloudnesslevel,five-bladepropeller.Diameter,
8 feet;speed,130milesperhour;horsepower,185;
~0 feet.Interpolatedfrom dataofreference8.
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Figure7.- Exhaust-collectorsystem,modifiedtestairplane. D
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Figure8.- Mufflerinstallation,mcdifidtestairplane.
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Figure9.- Sound-pressurelevelsunderstaticconditionsatdistanceof50feetfrom propeller.
Unmodifkdandmodifiedtestairplanes.
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